Introduction
============

Even thou it is a rare tumor with an annual incidence of maximum 4.5 cases per million, adenoid cystic carcinoma (ACC) represent near 10% of salivary gland neoplasms \[[@B1]\], and is the most common malignancy of the minor salivary glands \[[@B2]\].

Men, mostly middle-aged are more common involved, with an incidence rate of 0.71 cases per 100.000 individuals \[[@B2]\].

Clinically, the patient with salivary gland ACC has an indolent course, growing slowly but relentlessly, with a tendency for delayed recurrence and metastasis \[[@B3]\].

This evolution is due primarily to its neurotropism, which can justify the regional aggression; the tumors can extend along the large nerve trunks to the vital craniofacial structures \[[@B4]\].

The literature has reported a high rate of distant metastases (about 40%), with lung, as the most commonly affected site \[[@B5]\].

However, high rate of survival rates were reported, respectively about 77.3% at five years and 44.9% at fifteen-years after surgery \[[@B6]\].

On the other hand, due to its longstanding evolution, it can undergo high-grade transformation, and then became more clinical aggressive, shortening the survival period of the patient \[[@B7]\].

At the same time, we must bear in mind that such tumours do not respond to chemotherapy or radiation therapy and that is why unresectable tumors are often fatal \[[@B8]\].

This study aimed to investigate the epidemiological and morphological profile of ACC diagnosed in the last decade at the Emergency Clinical County Hospital from Craiova.

Materials and Methods
=====================

In this retrospective study we included 32 patients diagnosed with salivary gland ACC, between 2010 and 2019 in the Emergency Clinical County Hospital from Craiova.

The patients records have been reviewed and the corresponding histopathological slides were reevaluated according to the diagnostic criteria established by WHO classification (2005) \[[@B9]\].

As clinical and morphological variables of interest were included: age, gender, tumor topography, the predominant histologic subtype (tubular, cribriform and solid), presence of perineural invasion, lymph nodes metastases, pTNM status, and the margins status.

In order to establish the predominant type of tumor growth pattern and thus the ACC histological variant at least 80% of the sample was examined.

Tumors originating from major salivary gland were staged in accordance with the American Joint Committee on Cancer (AJCC) Classification Staging Manual, 8th Edition \[[@B10]\].

For those ACC arising from minor salivary glands we used the AJCC classification staging of the oral squamous cell carcinoma in similar sites.

The study protocols were approved by the Ethics Committee of the University of Medicine and Pharmacy of Craiova.

We used the SPSS version 12 software for descriptive statistics.

A Students't test was utilized to assess the differences between two groups of continuous variables, and an Analysis of Variance (ANOVA) test was utilized in order to compare the means of more than two groups of data.

The Chi-squared test was used to evaluate the dependencies between categorical variables.

Throughout the analysis, p\<0.05 was considered statistically significant. Data were plotted as average±standard deviation of the mean (SD).

Results
=======

During the period between 2010 to 2019 a total of 32 cases of salivary gland ACC were diagnosed.

At the time of diagnosis, the patient's average age was 58.31 years, with a median of 57.5 years, and with limits ranging from 31 to 91 years.

Male were more commonly affected then female, namely 19 cases (59.37%) versus 13 cases (40.63%).

The male to female ratio was of 1.46:

1\. In our casuistry were included only the ACC cases developed from major salivary glands and minor salivary gland from the oral mucosa.

Our investigated cases were evenly distributed between the major salivary glands and the minor oral salivary glands, with 16 cases in each category.

Parotid salivary gland was the most common site of ACC origin, 9 cases, respectively 28.12% of these tumors being developed at this level.

The hard palate was the second most common site of origin, 6 cases (18.75%) arising at this level.

Also, this site was the most frequent ACC origin for the minor oral salivary glands (37.5%).

Of the other major salivary glands, the sublingual gland was more frequently affected than the submaxillary gland, with 4 cases (12.5%) and respectively 3 cases (9.37%) originating in these sites.

The second most common site for ACC tumors developed from the minor oral salivary glands was the oropharynx with 5 cases (15.62%), followed by jugal mucosa with 3 cases (9.37%) and the lips with 2 cases (6.25%).

Histopathological investigation highlighted the prevalence of the solid histological variant observed in 15 patients (46.88%).

The second most common histological variant in our casuistry was the tubular one, noticed in11 patients (34.37%).

The least frequent observed variant was the cribriform type, noticed in 6 cases (18.75%).

Tumor proliferations were mainly composed of small neoplastic cells with hyperchromatic, angular nuclei and scant clear cytoplasm, and with poorly defined cell borders (Figure [1A](#F1){ref-type="fig"}).

We identified 3 major tumor growth patterns: solid, tubular and cribriform.

All these patterns were present in various proportions in the composition of all investigated cases, but one of them prevailed. Solid ACC were mainly composed of sheets of basaloid cells without formation lumina (Figure [1B](#F1){ref-type="fig"}).

In the tubular ACC cases, there were observed numerous ducts and tubules, lined by luminal cells that were coated by non-luminal myoepithelial cells (Figure [1C](#F1){ref-type="fig"}).

In the cribriform ACC cases, prevailed variable size of oval to rounded masses of basaloid cells with scattered microcystic spaces, that usually were filled with pink or bluish material on HE staining (Figure [1D](#F1){ref-type="fig"}).

![Salivary gland adenoid cystic carcinoma (ACC). A. Predominance of small neoplastic cells with hyperchromatic, angular nuclei and scant clear cytoplasm, and with poorly defined cell borders. HE staining, x600; B. Solid variant of ACC consisting of sheets of basaloid cells without lumina formation. HE staining, x25; C. Tubular variant of ACC made of ducts and tubules, lined by luminal cells that were coated by non-luminal myoepithelial cells. HE staining, x50; D. Cribriform variant of ACC composed by oval to rounded masses of basaloid cells with scattered microcystic spaces, that usually are filled with pink or bluish material. HE staining, x25.](CHSJ-46-01-056-Figure1){#F1}

Commonly, the tumor stroma was scant, and made up of hyalinized fibrous tissue (Figures [2A](#F2){ref-type="fig"}, [2E](#F2){ref-type="fig"}) and rarely had mucinous or myxoid features.

Perineural invasion was observed in 23 cases (71.87%), five of them showing intraneural invasion (Figure [2B](#F2){ref-type="fig"}).

Lymph nodes metastases (Figure [2C](#F2){ref-type="fig"}) have been diagnosed in 6 cases (18.75%) and in two cases was observed lymphovascular invasion (Figure [2D](#F2){ref-type="fig"}).

![Salivary gland adenoid cystic carcinoma (ACC). A. Stroma between neoplastic proliferations was made of hyalinized fibrous tissue. Masson\'s trichrome staining, x100; B. Peri-and intraneural neoplastic cell invasion. HE staining, x100; C. Lymph nodes metastases from a solid variant of parotid ACC. HE staining, x25; D. Vein invaded by hard palate ACC. HE staining, x50.](CHSJ-46-01-056-Figure2){#F2}

Most of our patients presented at the stage II-pTNM, respectively 23 cases (71.87%), followed far away by patients with III-pTNM stage (6 cases, 18.75%), patients with IV-pTNM stage (2 cases, 6.25%) and one patient with I-pTNM stage (3.12%).

Positive margins have been identified in 13 cases (40.62%).

Statistical analysis did not find significant difference between the most of the investigated parameters.

However, there was a significant difference between the average age of patients with involvement of major salivary glands (54.31±13.85 years old), compared to those with tumors of the minor salivary glands (62.31±9.97 years old), t(30)=-1.87, p=0.035 (Figure [3](#F3){ref-type="fig"}).

Thus, we noticed a tendency for the minor salivary gland ACC to develop in older patients, at least 10 years older than those who develop tumors in the major salivary glands.

![Statistical analysis proving significant difference between the average age of patients with involvement of major salivary glands (54.31±13.85 years old), compared to those with tumors of the minor salivary glands (62.31±9.97 years old), t(30)=−1.87, p=0.035](CHSJ-46-01-056-Figure3){#F3}

Also we have found that there was a significant difference between the average age of patients with perineural invasion (54.00±13.80 years old), compared to those without perineural invasion (60.72±11.46 years old), t(30)=−1.65, p=0.048 (Figure [4](#F4){ref-type="fig"}).

Thus, we suggest that patients with perineural invasion developed tumors at a slightly younger age (at least 6 years younger) compared to those who had no perineural invasion.

![Statistical analysis proving significant difference between the average age of patients with perineural invasion (54.00±13.80 years old), compared to those without perineural invasion (60.72±11.46 years old), t(30)=−1.65, p=0.048.](CHSJ-46-01-056-Figure4){#F4}

Discussions
===========

This tumor entity was first described in 1853 by Robin C et al., one in the parotid and two in the nose, having in common a cribriform growth pattern, invasion of the surrounding tissues and spreadingalong nerves \[[@B11]\].

Three years later, Billroth named this tumor as "cilindroma" \[[@B12]\], and only in 1930 the current name of adenoid cystic carcinoma was used \[[@B1]\].

Its malignant behavior was finally established in 1943 by the Dockerty MB and Mayo CW \[[@B13]\].

It is a rare tumor with an annual incidence of 3-4.5 cases per million people \[[@B1]\] that accounts for 10% to 12% of salivary gland tumours \[[@B14]\], and about 22% of all salivary gland cancers \[[@B15]\].

Between 1993 and 2007 there was a decrease in its incidence, especially for the early stages \[[@B14],[@B16]\].

Although ACC represents only 3-5% of head and neck carcinomas \[[@B14]\], it was reported to be the most common malignancy of the submaxillary and minor salivary glands \[[@B14],[@B17]\].

Our investigation on the salivary gland malignancies casuistry recorded in the Emergency Clinical County Hospital from Craiova between 2010 and 2019 revealed a total of 32 cases of ACC.

These cases prevailed in men (59.37%) in the sixth decade of life (37.5%) and the most common location was the parotid gland (28.12%), followed by the hard palate (18.75%) and oropharynx (15.62%) sites.

The literature records specify that this kind of salivary gland tumor is more common in the 5^th^ and 6^th^ decades, but it can develop in all age groups \[[@B18],[@B19]\].

Most authors indicate 52 age as the average age of ACC patients \[[@B18],[@B20],[@B21]\].

There have been no reports on the association of age with survival \[[@B20],[@B21]\], but some authors argue that there would be a correlation between age and local relapse rate \[Chang CF et al. 2018\].

These authors reported an ACC incidence of 0.71 per 100.000 peoples in men, and respectively of 0.39 per 100.000 women, with a Male: Female ratio of 1.8:1 \[[@B2]\].

However, literature data regarding ACC gender predilection are controversial.

So if most authors indicate slight tumor prevalence among women, some have observed the prevalence in men or even no gender predilection \[[@B3],[@B19],[@B22]\].

Gamboa-Hoil SI et al. (2020) reported a female prevalence for those ACC developed from nasal cavity and paranasal sinuses \[[@B20]\].

The most frequent ACC location appears to be in the minor salivary glands within the palate, followed by paranasal sinuses as the most often affected sites \[[@B1],[@B17],[@B23]\].

On one of the largest series of salivary gland tumors, Spiro RH (1986), highlighted the ACC prevalence at the site of minor salivary gland (65%), followed by the parotid (19%), and submandibular salivary gland (16%) \[[@B15]\].

However, it seems that there are geographical variations, thus Danish report stated a 40% ACC frequency in minor salivary gland, 32% in parotid gland, 23% in the submandibular gland and 4% in the sublingual gland \[[@B24]\].

It seems that ACC that originate from minor salivary glands are associated with a higher risk of recurrence and a poorer prognosis \[[@B25]\].

It is worth noting that this type of tumor can develop anywhere in the body where there are mucus glands.

Thus, there have been reported ACC cases developed in the mammary gland \[[@B26]\], vulva \[[@B27]\], esophagus \[[@B28]\], cervix \[[@B29]\], bronchi \[[@B30]\], and skin \[[@B31]\].

Histopathologically, our study revealed the prevalence of solid variant (46.88%), followed by the tubular (34.37%) and the last the cribriform histological type (18.75%).

Perineural invasion was noticed in 71.87% cases and lymph nodes metastases were observed in 18.75% of ACC cases.

The majority of patients presented in stage II-pTNM (71.87%) and positive margins were identified in 40.62%.

Statistically, we noticed that minor salivary gland seems to develop ACC in people at least 10 years older than the major salivary glands and perineural invasion seems to develop in younger people compared to the cases that did not present this feature.

Classically, this type of tumor is considered to develop from the intercalated salivary duct, being made up of duct-like cells and modified myoepithelial-like cells \[[@B32]\].

Commonly, ACC contain a combination of two or three possible growth patterns (cribriform, tubular and solid), but with the predominance of one of them \[[@B1]\].

The literature records highlight cribriform type as the most frequent histological variant (44.1-70.7%), followed by the solid type (20.6-29.3%) \[[@B18],[@B20],[@B21]\].

It seems that this histological classification has prognostic value, since most authors found a high frequency of distant metastases, advanced stage and worse prognosis associated with solid pattern \[[@B1],[@B17],[@B19]\].

Instead, the tubular and cribriform histological subtypes are linked to a better prognosis \[[@B33]\].

For these reasons it was proposed a histologic grading algorithm for ACCs, based on the degree of solid pattern presence \[[@B34]\].

Thus, were recognized three grades: A) Grade I: tubular and cribriform pattern, without solid component; B) Grade II: pure cribriform pattern, or mixed with \>30% of solid component; and C) Grade III: predominantly solid pattern. Recently a new grading system was proposed, based on the presence or absence of solid pattern, with grade II as the worse prognostic ACC cases, those cases being composed mainly of solid growth pattern \[[@B35]\].

Perineural invasion seems to be a common finding, even among early-stage tumors \[[@B9],[@B17]\].

Together with distant metastases, perineural invasion was regarded as unfavorable prognostic factor \[[@B36],[@B37]\].

More recently, it was noticed that while perineural invasion does not have survival impact, intraneural invasion could be an independent predictor marker for a poor outcome \[[@B38]\].

Moreover, the same authors suggested that neural invasion could not predict hematogenous spread, distant metastases correlated only with age, primary site and nodal status.

On the contrary, working on a small group of ACC cases, Teymoortash A et al. (2014) proposed a new classification system for this tumor, namely as: A) p1, for cases with true perineural or endoneural invasion and B) p2, for those cases with nerves adjacent to tumor masses, but without them being invaded \[[@B39]\].

According to these authors, patients with p1 ACC had a higher recurrence rate than p2 patients.

Most of the authors reported high frequency for T2 tumors (60% to 74% of diagnosed ACC cases) with an average size of 3.1-4.3cm (range between 1cm to 7cm) \[[@B1],[@B18],[@B40],[@B41]\].

Regarding lymph nodes metastasis, the literature recorded a rate of 17-19% in ACC cases developed from major salivary glands \[[@B42],[@B43]\].

More recently, Qian ZJ et al. (2019) reported a rate of 5% to 15% for occult nodal metastasis in patients with ACC, values that have been shown to increase with the number of investigated lymph nodes \[[@B44]\].

While some authors have shown that the number of sampled lymph nodes in ACC patients were not associated with survival regardless of T classification \[[@B44]\], others reported that in patients with advanced T (T3 and T4) the risk of nodal metastasis was increased 4 to 9 times more compared to T1 and T2 tumors \[[@B42]\].

Regarding the status of resection margins, literature data mentions the existence of a residual tumor in about 32.6% to 65.2% of ACC cases \[[@B18],[@B20]\].

The high percentage of positive margins seems to be related to tumor site which can put technical problems in achieving adequate margins \[[@B17],[@B45]\].

Some authors reported the prognostic value of positive margins for overall survival rate of patients with ACC \[[@B46]\], while others have shown that negative margins are not a guarantee of better survival, but rather of a better local control \[[@B47]\].

Local recurrences were reported to vary from 10.3% to 74% \[[@B2],[@B21],[@B33],[@B40],[@B48]\].

Recently, Gamboa-Hoil SI et al. (2020) reported 53% local recurrences and 40% distant recurrences, with a 65% recurrence rate at 5 years \[[@B20]\].

The same authors noticed a median time of 23 months for the local and distant recurrences.

The rate of local recurrence may be increased by: positive surgical margins, invasion of major nerve, and origin in the minor salivary gland \[[@B49]\].

Thus, in a study regarding ACC developed from minor salivary glands it was reported a rate of local recurrence of around 40% \[[@B50]\].

Also, Ouyang DQ et al. (2017) showed that positive lymph nodes, lymphovascular invasion and T3-T4 status, are risk factors for local recurrence \[[@B21]\].

In the literature, for the ACC metastasis rate were reported values ranging between 17.2% to 68.5% \[[@B2],[@B21],[@B33],[@B40],[@B48]\].

Recently, it was observed a trend for distant metastases to become more common than regional recurrences \[[@B19]\].

Evan for early ACC stages (T1-2/N0) it was reported a rate of 20% for distant metastases \[[@B51]\].

Lungs seem to be the most common location for distant metastases \[[@B1],[@B19],[@B23],[@B33],[@B52]\].

Another frequent localization of ACC metastasis is the bones, and in these cases the evolution is rapid \[[@B49]\].

Although lung metastases occur much earlier than other possible metastatic locations, patients with lung metastases survive at least one year longer than patients with metastases in other sites \[[@B52]\].

For lung metastases is quoted a median time of development of about 28.5 months \[[@B20]\].

The five-year overall survival in patients with ACC without recurrences varies from 62.9% \[[@B45]\] to 100% \[[@B20]\], and for those cases with recurrences these values dropped to 56.2% \[[@B45]\] and 66% \[[@B20]\].

As the most important independent prognostic factors for the overall survival and disease specific survival rates are quoted: age, site, N classification and the presence of distant metastases \[[@B33]\].

Other authors found perineural invasion to be a prognostic factor for the overall survival rate of ACC patients \[[@B50]\], or solid histologic type and positive surgical margins, especially for those tumors that developed in the minor salivary glands \[[@B4],[@B50],[@B53]\].

Conclusions
===========

Our ten years single institute experience proved that parotid and minor salivary glands, especially the hard palate, are the most affected sites.

The epidemiological profile showed salivary gland ACC prevalence in men, in the sixth decade of life, and the histopathological investigation revealed the high incidence of solid variant, with about two-thirds of the cases presenting perineural invasion, and approximately one third with positive surgical margins.

Lymph nodes metastases were documented in about one fifth of the cases and near two-thirds of cases presented in stage II-pTNM.
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